Abstract: The electrical and thermal resistivities of liquid gallium are calculated over a range of temperatures above the melting point using the solutions of the Boltzmann equation. The experimental x-ray structure factor of Waseda and the form factor derived using the Heine-Abarenkov model potential are used in these calculations. The ratio of the electrical and thermal conductivities is calculated and compared to experimental values and to the theoretical Lorenz number.
Introduction
The solution of the Boltzmann equation using the relaxation time approximation [1] gives the electrical resistivity as which is known as the Ziman formula [2] , where W (q) is the form factor, S (q) is the static structure factor of the liquid and Ω 0 is the ionic volume. The thermal resistivity is given by:
where the second and third terms in the last equation give the inelastic part of the electron scattering. If we neglect the second and the third terms in the last equation (which is justified for high temperatures) we will get the well known Wiedemann-Franz law. The two components needed to carry out the calculations are the structure factor, which can be obtained either from theory or from x-ray or neutron diffraction experiments (as we do here), and the form factor, which can be calculated based on a model potential and an appropriate screening function. The goal of the current work is to calculate both the electrical and thermal resistivities over a range of temperatures in the liquid state as well as their ratio and compare the results to the experimental values.
Application to Gallium
The calculation of the electrical and thermal resistivities using equations (1) and (2) are carried out at the temperatures given in Table 1 . The corresponding ionic volumes and other temperature dependent parameters used in the calculations and the density values used are those of Waseda [3] . The structure factor used in the current work is the experimental x-ray structure factor of Waseda [3] and the form factor derived as follows: using the Heine-Abarenkov [4] model potential parameters and the screening function suggested by Geldart and Taylor [5] , we calculate the form factor following the procedure outlined by Taylor [6] . These calculations require only the ionic volume given in Table 1 and the model potential parameters [7] . We calculate the form factor and use it in equations (1) and (2) to obtain the electrical and thermal resistivities. The results are given in Table 2 along with the electrical resistivity experimental results of [9] . Table 2 Theoretical and experimental electrical resistivity and thermal conductivity for Ga.
Discussion and conclusion
The calculated results agree well with the experimental and other theoretical results [9] for the electrical resistivity over the range of temperature studied. The ratio of electrical and thermal conductivities calculated by including the inelastic scattering term gives 2.17 at T= 50
• C, which is closer to the experimental ratio (2.07) at the melting point but which deviates from the theoretical Lorenz number 2.44 . This correction in our opinion results from including the inelastic part of the electron scattering and the use of an adequate screening function in the derivation of the form factor. This correction was estimated in earlier work [10] based on the Coulomb interaction and the Lindhard screening function and found to give only a small correction, about 2 % in the case of liquid gallium. Furthermore we believe that improvement in the calculated ratio can be achieved by taking into account the effects of electron-electron scattering, as was done on other metals [11] and discussed by Lundmark [12] and Smith [13] .
In conclusion we can say that the calculations of the transport properties of liquid gallium obtained using the form factor derived using the Heine-Abarenkov model potential and the screening function of Geldart and Taylor gives results in good agreement with experiment. We can explain the negative deviation of the electrical and thermal resistivities ratio from the theoretical Lorenz ratio in part by the inelastic electron scattering contribution, which was accounted for by the second and third terms in equation (2) .
